EuropSilsches Patentamt 
European Patent Office 
Offlce europden des brevets ® ""'"'^^^ 0 563 71 4 A2 



® EUROPEAN PATENT APPLICATION 

@ Application number: 93104591.8 0 Int. CIA C12N 15/28, C12P 21/02, 

^ C07K 13/00, C12N 1/21, 

@ Date of filing: 20.03.93 /^g-| |^ 37/02 



The applicant has subsequently filed a sequence 


® Applicant: F. HOFFMANN-LA ROCHE AG 


listing and declared, that it includes no new 


Postfach 3255 


matter. 


CH-4002 Basel(CH) 


® Priority: 02.04.92 EP 92810249 


0 Inventor: Lesslauer, Werner 


® Date of publication of application: 


288 Aeussere Baselstrasse 


CH-4125 Riehen(CH) 


06.10.93 Bulletin 93/40 


Inventor: L5tscher, Hansruedi 


® Designated Contracting States: 


18 Frankenstrasse 


CH-4313 M5hlin(CH) 


AT BE CH DE DK ES PR GB GR IE IT LI LU MC 


Inventor: Stuber, Dietrich 


NL PT SE 


9 Bandweg 




W-7889 Grenzach-Wyhlen(DE) 




0 Representative: iUlezger, Wolfgang, Dr. et al 




Grenzacherstrasse 124 




Postfach 3255 




CH-4002 Basel (CH) 



@ TNF-Mutelns. 



to 

(O 

in 



© The present invention is directed to a hunr>an Tumor Necrosis Factor mutein or a pharmaceutlcally 
acceptable salt thereof having selective binding affinity for the human p55-Tumor-Necrosis-Factor-Receptor 
characterized in that the amino acid sequence of human Tumor Necrosis Factor is changed at least at position 
86 showing a threonine instead of a serine residue, a DNA sequence coding for such a mutein. a vector 
comprising such a DNA sequence, a host cell transformed by such a vector, a process for the production of 
such muteins by such host cells, pharmaceutical compositions containing such a mutein and the use of such a 
mutein for the treatment of illnesses. 
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Tumor Necrosis Factor, or more specifically Tumor Necrosis Factor-alpha (TNF-a), is a cytokine, 
primarily produced by stimulated macrophages, that exhibits not only a striking cytotoxicity against various 
tumour cells [Carswell et a!.. Procd. Nat. Acad. Sci., U.S. A. 72, 3666-3670, (1975)] but also plays a multiple 
role as a mediator of inflammation and the immune response [for an overview see Beutler and CeramI, Ann. 

5 Rev. Immunol. 7, 625-655 (1989); Bonavista and Granger (eds.) "Tumor Necrosis Factor: Structure, 
Mechanism of Action, Role in Disease and Therapy, Karger, Basel (1990)]. The primary structure of human 
Tumor Necrosis Factor-alpha (hTNF-a) has been deduced from the nucleotide sequence of a cDNA which 
has been cloned and expressed in E. coll [Pennica et al.. Nature 312, 724-729 (1984); Marmenout et al.. 
Europ. J. Biochem. 152. 515-522 (1985); Wang et al., Science 228, 149-154 (1985); Shirai et al. Nature 313, 

70 803-806 (1985)]. A striking homology in amino acid sequence (30%) was found between hTNF-a and 
human Lymphotoxin, often referred to as human Tumor Necrosis Factor-beta (hTNF-/8), a cytokine mainly 
produced by lymphocytes (Gray et al., Nature 312, 721-724 (1984); Fiers et al., Cold Spring Harbour Symp. 
51,587-595 (1986)]. 

hTNF-a with modified amino acid sequences, so called TNF-a-mutelns, have also been described in the 

15 art [for example see Yamagishi et al.. Protein Engineering 3, 713-719, (1990) or by Fiers in "Tumor 
Necrosis Factors: Structure. Function and Mechanism of Action", Aggarwal and Vilcek (eds.). Marcel 
Dekker. Inc., New York, in press, or by Fiers et al. in Bonavista and Granger, pp. 77-81 (s.a.)]. In addition 
TNF-a-muteins have also been the object of several patent applications, e.g. International Patent Applica- 
tions Publ. Nos. WO 86/02381, WO 86/04606, WO 88/06625 and European Patent Applications Publ. Nos. 

20 155.549; 158.286; 168.214; 251,037 and 340,333, and Deutsche Offenlegungsschrift Nr. 3843534. 

Mutelns of Lymphotoxin have also been disclosed In the art, e.g. In European Patent Applications Publ. 
Nos. 250.000; 314,094 and 336,383. 

The biological effects of TNF are mediated via specific receptors, namely a receptor with an apparent 
molecular weight of 55 kD on sodium dodecylsulfate polyacrylamid gel electrophoresis (SDS-PAGE) (p55- 

25 TNF-R) and a receptor with an apparent molecular weight of 75 kD on SDS-PAGE (p75-TNF-R). Both forms 
of TNF-receptors have been cloned, namely p55-TNF-R by Loetscher et al. [Cell 61, 351-359, (1990)] and 
p75-TNF-R for example by Dembic et al. [Cytokine 2, 53-58, (1990)] (for both receptors see also European 
Patent Application No. 90116707.2) and it was found more recently that both receptors bind not only TNF-a 
but also TNF-/3 with high affinity [Schonfeld et al., J. Biol. Chem. 266, 3863-3869 (1991)]. 

30 It is well known in the art that on the basis of its biological activities TNF-a can be a valuable compound 
for the treatment of various disorders. For example TNF-a, alone or In combination with Interferon, can be 
an effective antitumor agent [Brouckaert et al.. Int. J. Cancer 38, 763-769 (1986)]. However, its systemic 
toxicity is a major limitation to its wider therapeutic use [TaguchTT. and Sohmura Y., Biotherapy 3, 177-186 
(1991)]. 

35 It has been shown that in mice human TNF-a (hTNF-a), which only binds to the smaller mouse TNF 
receptor (murine p55-TNF-R) is far less toxic than murine TNF-a (mTNF-a), which binds to both p55-TNF-R 
and p75-TNF-R. For example, in C57B16 mice, the LD50 is about lOug/mouse and 500ug/mouse with 
mTNF-a and hTNF-a, respectively [Brouckaert et al., Agents and Actions 26, 196-198 (1989); Everaerdt, B. 
et al.. Biochem. Biophys, Res. Comm. 163, 378-385 (1989); Lewis, M. et aTTProc. Natl. Acad. Sci. USA 88. 

40 2830 (1991)]. Hence the p75-TNF-R seems to play a special role in systemic toxicity. 

hTNF-o and mTNF-o bind almost equally to human p55-TNF-R and to human p75-TNF-R. However, hTNF- 
a mutants, which have retained the biological activity mediated by hp55-TNF-R but have lost nearly all 
activity on hp75-TNF-R, are the functional equivalent of hTNF-a in the murine system, and are expected to 
have reduced systemic toxicity In primates. 

4S Human Tumor Necrosis Factor muteins, showing a significant difference between their binding affinity 
to the human p75-Tumor-Necrosis-Factor-Receptor (hp75-TNF-R) and to the human p55-Tumor-Necrosis- 
Factor-Receptor (hp55-TNF-R). have been described in European Patent Application, Publication No. 486 
908. 

It has now been found that hTNF muteins or pharmaceutically salts thereof, having the amino acid 
50 sequence of human Tumor Necrosis Factor, changed at least at position 86 (showing a threonine instead of 
a serine residue), have retained the binding activity to hp55-TNF-R. but have tost nearly all binding to hp75- 
TNF-R. Furthermore, such hTNF muteins have tjeen found which have retained biological activity mediated 
by hp55-TNF-R. while no longer binding to hp75-TNF-R. However, the hTNF muteins of the present 
invention are not restricted to this type of muteln. Muteins of another type still binding exclusively to hp55- 
55 TNF-R but having lost the capacity to elicit a functional cell response are also Included. 

The present invention, therefore, provides human Tumor Necrosis Factor muteins or pharmaceutically 
acceptable salts thereof, having selective binding affinity for the human p55-Tumor-Necrosis-Factor- 
Receptor (hp55-TNF-R) characterized in that the amino acid sequence of human Tumor Necrosis Factor is 
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changed at least at position 86, showing a threonine instead of a serine residue. 

The amino acid sequence of human TNF-a as disclosed by Pennica et al. [s.a.] is as follows: 



1 10 
VAL ARG SER SER SER ARG THR PRO SER ASP LYS PRO VAL ALA HIS 

20 30 
VAL VAL ALA ASN PRO GLN ALA GLU GLY GLN LEU GLN TRP LEU ASN 

40 

ARG ARG ALA ASN ALA LEU LEU ALA ASN GLY VAL GLU LEU ARG ASP 



50 60 
75 ASN GLN LEU VAL VAL PRO SER GLU GLY LEU TYR LEU ILE TYR SER 

70 

GLN VAL LEU PHE LYS GLY GLN GLY CYS PRO SER THR HIS VAL LEU 



80 90 
LEU THR HIS THR ILE SER ARG ILE ALA VAL SER TYR GLN THR LYS 

100 

VAL ASN LEU LEU SER ALA ILE LYS SER PRO CYS GLN ARG GLU THR 

110 120 
PRO GLU GLY ALA GLU ALA LYS PRO TRP TYR GLU PRO ILE TYR LEU 

130 

GLY GLY VAL PHE GLN LEU GLU LYS GLY ASP ARG LEU SER ALA GLU 

140 150 
ILE ASN ARG PRO ASP TYR LEU ASP PHE ALA GLU SER GLY GLN VAL 

157 

TYR PHE GLY ILE ILE ALA LEU 



or as disclosed by Marmenout et al. (s.a.) or Wang et al. (s.a.) or Shirai et al. or more specifically as coded 
for by the nucleotide sequence of the insert of the plasmid pDS56/RBSII,Sphl-TNFa (see Rgures la and lb 

40 and Example I) coding for mature TNF-a. 

The hTNF muteins as defined above may have changed the amino acid sequence of hTNF at one or 
more additional positions, preferably at one or two additional positions, whereby positions 29. 31 . 32, 29 and 
32, or 31 and 32 are especially preferred. Any amino acid, preferably any naturally occurring one, can be 
used at these additional positions. For substitutions at position 29 serine, glycine or tyrosine are prefenred, 

45 whereby serine Is especially preferred. For substitutions at position 31 glutamic acid or asparagine are 
prefenred. For substitutions at position 32 tyrosine, tryptophan or threonine are preferred, whereby 
tryptophan and threonine are specifically preferred. 

The hTNF muteins of the present invention may contain further amino acid substitutions if such 
substitutions do not alter their selective binding affinity for the p55-TNF-R. Amino acid substitutions in 

50 proteins and polypeptides which do not essentially alter biological activity are known in the art and 
described, e.g. by H. Neurath and R.L Hill in "The Proteins", Academic Press, New York (1979). in 
particular in fig. 6 of page 14. The most frequently observed amino acid substitutions are AJa/Ser, Val/lle, 
Asp/Glu. Thr/Ser, Ala/Gly. Ala/Thr. Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro. Lys/Arg. Asp/Asn. Leu/lle. 
LeuA/al, Ala/Glu. Asp/Gly and vice versa. The hTNF muteins of the present invention may additionally 

55 contain sequences of several amino acids which are coded for by "linker" sequences. These sequences 
may arise as a result from the expression vectors used for expression of the hTNF muteins as defined 
above. 
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The hTNF mutelns of the present invention can also contain specific sequences that preferably bind to 
an affinity carrier material. Examples of such sequences are sequences containing at least two adjacent 
histidine residues (see In this respect European Patent Application, Publication No. 282 042). Such 
sequences bind selectively to nitrilotriacetic acid nickel chelate resins (Hochuli and Dobeli, Biol. Chem. 

5 Hoppe-Seyler 368, 748 (1987); European Patent Application, Publication No. 253 303). hTNF muteins which 
contain such a specific sequence can be linked either to the C-terminus or the N-terminus, or to both 
termini, of the hTNF-mutein amino acid sequences. 

The hTNF muteins of the present invention can also be combined with different immunoglobulin heavy 
chain or light chain polypeptides. This leads to chimaeric hTNF mutein immunoglobulin polypeptides which 

10 could have increased half-life in vivo. Increased half-life in vivo has been shown, e.g., for chimeric 
polypeptides consisting of the first two domains of the constant regions of the heavy chain or the light chain 
of a mammalian immunoglobulin (see Traunecker et al.. Nature 331, 84-86 [1988] and European Patent 
Application, Publication No. 394 827). 

The hTNF muteins can also be coupled to polymers, e.g. polyethylene glycol or polypropylene glycol 

76 having a molecular weight of 500 to 20.000 daltons. This leads to protected hTNF mutein compositions 
which could be substantially non-immunogenlc. Several modes of coupling the polymer with the polypep- 
tide are available and described. e.g., in U.S. Patent No. 4.179.337. 

Especially prefenred hTNF muteins of the present Invention are Thr*^-TNF-a, Ser^-Thr®^-TNF-a, Glu^'- 
Thr«e-TNF-a, Trp32-Thr«^-TNF-a. Ser^s-Trp^^.Thi^^-TNF-a or Asn^^-Thr^^-Thr^^-TNF-a. 

20 The hTNF muteins of the present invention can be produced by methods known in the art and 
described e.g. in Sambrook et al. [Molecular Cloning, A Laboratory Manual, 2nd ed., Cold Spring Harbour 
Laboratory. Cold Spring Harbour Laboratory Press, USA (1989)] or In the following paragraphs. Whether 
such hTNF muteins still show selective binding affinity for the p55-TNF-R can be detemnlned as described 
in the following Examples. Alternatively, the hTNF muteins of the present invention can also be chemically 

25 synthesized using standard methods known in the art, preferably solid state methods, such as the methods 
of Merrlfield (J. Am. Chem. Soc. 85, 2149-2154 [1963]). Furthermore salts of such muteins are also an 
object of the present invention. Such salts can be produced by methods known in the art. 

It Is believed that the strategy of dissecting beneficial and unwanted TNF-a activities by using 
compounds specifically binding to one or the other TNF-receptor. such as the hTNF muteins of the present 

30 invention, can be used in general in other disease states where TNF plays a role. 

DNA-sequences comprising a DNA-sequence coding for hTNF-mutelns as hereinbefore described are 
also an object of the present invention. Such DNA-sequences can be constructed starting from genomic- or 
cDNA-sequences coding for hTNF as disclosed In the art [s.a.] using known methods of in vitro 
mutagenesis [see e.g. Sambrook et al., 1989]. Such mutagenesis can be carried out ad-random in order to 

35 obtain a large number of mutants which can then be tested for their desired properties in appropriate assay 
systems or. in order to mutate defined positions in a given DNA-sequence, by so called site directed 
mutagenesis [see e.g. Sambrook et al.. 1989, 15.51-15.113] or by mutagenesis using the polymerase chain 
reaction [see e.g. White et al., Trends in Genetics 5, 185-189 (1989)]. 

One chemical mutagen which is often used for mutagenesis ad-random is sodium bisulfite which 

40 converts a cytosine residue into an uracil residue and hence leads to a transition of *'C" to "T" (standard 
abbreviations for nucleotides) [for the method see e.g. Shortle and Nathans, Procd. Nat. Acad. Sci. U.S.A. 
75. 2170-2174 (1978) or Pine and Huang. Meth. Enzym. 154, 415-430 (1987)]. This mutagen acts solely on 
single stranded DNA whereas the expression of the mutated target DNA sequence is achieved with a 
double stranded plasmid vector. One possibility to avoid the necessity of recloning in mutagenesis and 

45 expression vectors is the use of so called "phasmids". These are vectors which, in addition to a plasmid 
origin of replication, carry also an origin of replication derived from a filamentous phage. Examples of such 
phasmids are the pMa- and pMc-phasmids as described by Stanssen et al. [Nucleic Acids Res. 17, 4441- 
4454. (1989)]. Using this expression system one can construct so called "gap-duplex"-structures [see also 
Kramer et al., Nucl. Acids. Res. 12, 9441-9456 (1984)] where only the TNF-coding sequence (s.a.) is in a 

50 single stranded configuration and therefore accessible for the specific chemical mutagen, "gap-duplexes" to 
be used in ad-random mutagenesis can be constructed as described for site-specific mutagenesis by 
Stanssen et al. [s.a.] with the exception that the (-)strand contains the same active antibiotic resistance gene 
as the ( + )strand. By making use of different restriction sites in the DNA-sequence encoding hTNFa, 
variation of the width of the gap is possible. Examples of such restriction sites are the Clal-Sall sites (470 

55 nucleotides), BstXI-BstXI sites (237 nucleotides) or Styl-Styl sites (68 nucleotides). Such gap-duplex- 
constructs can then be treated with increasing concentrations (up to 4M) of bisulfite, followed by several 
dialysis steps, as described by Shortle and Nathans (s.a.). A suitable procaryotic host cell can then be 
transformed by such phasmid constructs according to methods known in the art and descrik>ed e.g. by 
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Sambrook et al. (s.a.)- A suitable procaryotic host cell means in this context a host cell deficient in a 
specific repair function so that an uracil residue is maintained in the DNA during replication and which host 
cell is capable of expressing the corresponding mutated TNF. Such specific host strains are known in the 
art, for example for E. coll strains, e.g. E. coll BW 313 [Kunkel, T.A., Procd. Natl. Acad. Sci. USA 82, 488- 

5 492 (1985)]. The resulting clones can then be screened for those expressing a desired hTNF mutein by 
appropriate assay systems. For example each colony can be inoculated in a microtiterplate in a suitable 
medium containing the relevant antibiotic. The cells may be lysed by addition of lysozyme. followed by 
sequential freeze-thaw cycles. After precipitation of nucleic acids and centrlfugation, the supernatant of each 
colony can directly be used in appropriate assays as described, e.g., in Example lla and lib or Example VIII 

10 measuring binding to the p75-TNF-R and the p55-TNF-R on the surface of living cells or in purified form. 

If desired, the specific sites of mutation can be determined, for example by restriction fragment analysis 
[see e.g. Sambrook et al. (s.a.)]. By determination of the DNA-sequence of such fragments the exact 
position of the mutation can be determined and if such mutation leads to an amino acid replacement the 
new amino acid can be derived from the determined DNA-sequence. DNA-sequencing can be performed 

75 according to methods known in the art, e.g. by using T7 polymerase on supercoiled DNA with a 
commercially available sequencing kit (Pharmacia, Uppsala, Sweden). 

As already mentioned above, another possibility of mutating a given DNA-sequence is by "site directed 
mutagenesis'*. A widely used strategy for such kind of mutagenesis as originally outlined by Hutchinson and 
Edgell [J. Virol. 8. 181 (1971)] involves the annealing of a synthetic oligonucleotide carrying the desired 

20 nucleotide substitution to a target region of a single-stranded DNA-sequence wherein the mutation should 
be introduced [for review see Smith. Annual. Rev. Genet. 19. 423 (1985) and for improved methods see 
references 2-6 in Stanssen et al. (1989)]. 

One such prefenred method is the one of Stanssen et al. (1989) using "gapped duplex DNA** as 
originally described by Kramer et al. (1984) [see above and Kramer and Fritz, Methods in Enzymology, 

25 (1987), Academic Press, Inc., USA] but using antibiotic resistance genes instead of M13 functional genes 
for selection of the mutation containing strand in addition with the phasmid-technology as also described by 
Stanssen et al. (1989) [s.a.]. An advantage of this method lies also in the capability of performing 
successive cycles of mutagenesis without the need to transfer the gene to a new mutagenesis vector: 
second round mutagenesis differs only in the selection to another antibiotic marker (Stranssen et al., s.a.). 

30 As a control site-specific back mutagenesis of the mutant to the wild-type TNF can be used. In addition, the 
use of an oligonucleotide, creating or destroying a restriction site in the TNF gene, allows to control the 
mutant not only by hybridization to the oligonucleotide used for site directed mutagenesis but also by the 
presence or absence of the restriction site. In order to create a set of hTNF muteins wherein at a defined 
position of their amino acid sequence the wild-type amino acid is replaced by any naturally occurring amino 

35 acid a set of oligonucleotides is used with all possible codons at the defined position. 

As already mentioned above, another possibility of mutating a given DNA-sequence is the mutagenesis 
by using the polymerase chain reaction (PGR). The principles of this method are outlined e.g. by White et 
al. (1989). whereas improved methods are described e.g. in Innis et al. [PGR Protocols: A Guide to Methods 
and Applications, Academic Press, Inc. (1990)]. 

40 PGR is an in vitro method for producing large amounts of a specific DNA fragment of defined length 
and sequence from small amounts of a template DNA. Thereby, PGR Is based on the enzymatic 
amplification of the DNA fragment which is flanked by two oligonucleotide primers that hybridize to opposite 
strands of the target sequence. The primers are oriented with their 3' ends pointing towards each other. 
Repeated cycles of heat denaturation of the template, annealing of the primers to their complementary 

45 sequences and extension of the annealed primers with a DNA polymerase result in the amplification of the 
segment between the 5' ends of the PGR primers. Since the extension product of each primer can serve as 
a template for the other, each cycle essentially doubles the amount of the DNA fragment produced in the 
previous cycle. Since the primers are physically incorporated into the amplified product and mismatches 
between the 5' end of the primer and the template do not significantly affect the efficiency of the 

50 amplification, it is possible to alter the amplified sequence thereby introducing the desired mutation into the 
amplified DNA. By utilizing the thermostable Taq DNA polymerase isolated from the thermophilic bacteria 
Thermus aquaticus, it has been possible to avoid denaturation of the polymerase which necessitated the 
addition of enzyme after each heat denaturation step. This development has led to the automation of PGR 
by a variety of simple temperature-cycling devices. In addition, the specificity of the amplification reaction is 

55 increased by allowing the use of higher temperatures for primer annealing and extension. The increased 
specificity improves the overall yield of amplified products by minimizing the competition by non-target 
fragments for enzyme and primers. 
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Design and synthesis of oligonucleotides can be effected as known in the art and described e.g. in 
Sambrook et aL (1989) or in one of the references cited above with respect to site directed mutagenesis. 

As soon as a DNA-sequence coding for a hTNF-muteIn of the present Invention has been created, 
expression can be effected by the phasmid technology as described above or by use of any suitable pro-or 

5 eukaryotic expression system well known in the art [see e.g. Sambrook et al., s.a.]. 

Expression is effected preferably in prokaryotic cells, e.g., in E. coli, Bacillus subtilis and so on, 
whereby E. coli, specifically E. coll K12 strains e.g. Ml 5 [described as DZ 291 by Villarejo et al. In J. 
Bacterlol. 120, 466-474 (1974)], HB 101 [ATCC No. 33694], WK6 (Stranssens et al. s.a.) or E. coli SGI 3009 
[Gottesman et al., J. Bacteriol. 148, 265-273 (1981)] are preferred. Expression of the hTNF muteins of the 

10 present invention can also be effected in lower or higher eukaryotic cells, tike for example yeast cells (like 
Saccharomyces, Pichia etc.), filamentous fungi (like Aspergillus etc.) or cell lines (tike Chinese hamster 
ovary cell lines etc.), whereby expression in yeast cells is preferred [see Sreekrishna et al.. Biochem. 28, 
4117-4125. (1989); Hitzeman et al., Nature 293. 717-722 (1981); European Patent Application Publication 
No. 263 31 1 ]. Expression of the hTNF muteins of the present invention may occur in such systems either 

IS intraceltularly, or, after suitable adaption of the gene, extraceltularty (see Leemans et al., Gene 85, 99-108, 
1989). 

Suitable vectors used for expression in E. coli are mentioned e.g. by Sambrook et al. [s.a.] or by Fiers 
et al. in "Procd. 8th Int. Biotechnology Symposium" [Soc. Franc, de Microbiol., Paris, (Durand et al., eds.). 
pp. 680-697 (1988)] or and more specifically vectors of the pDS family [Bujard et al.. Methods in 

20 Enzymology, eds. Wu and Grossmann, Academic Press, Inc. Vol. 155, 416-433 (1987); StUber et al., 
Immunological Methods, eds. Lefkovlts and Pernis, Academic Press, Inc., Vol. IV, 121-152 (1990)] like for 
example pDS56/RBSII.Sphl-TNFa(Thr86) (see Example I) or pDS56/RBSII,Sphl-TNFa(Trp32Thr86) (see 
Example 111) or pDS56/RBSII.Sphl-TNFa(Ser29Thr86) or pDS56/RBSII.Sphl-TNFa(Ser29Trp32Thr86) or 
pDS56/RBSII,Sphl-TNFa(Asn31Thr32Thr86) or pDS56/RBSII,Sphl-TNFa(Glu31Thr86) (see Example IV). 

25 Since with these specific pDS56/RBSII-plasmids due to their specific regulatable promoter/operator ele- 
ments and ribosomal binding sites a high level of expression can be achieved, the plasmids can be 
maintained in E. coli cells only when the activity of the promoter/operator element is repressed by the 
binding of a tac repressor to the operator. The activity of the promoter can be restored at the desired cell 
density by addition of IPTG. which inactivates the repressor and clears the promoter. Since most of the E. 

30 coli strains do not provide enough repressor molecules to completely repress the function of the promoter 
sequences present in these high copy number plasmids, such E. coll strains, like E. coli Ml 5 or SGI 3009, 
have to be transformed at first with a plasmid. like pREP 4 (see Figures 2a and b). coding for the lac 
repressor, before being transformed with the specific pDS56/RBSII-plasmids of the invention which can then 
be stably maintained in the E. coli cells. Beside coding for the lac repressor, pREP4 contains also a region 

35 of the plasmid pACYC184 [Chang and Cohen, J. Bacteriol. 134, 1141-1156 (1978)]. which contains all 
information required for replication and stable transmission to daughter cells [for additional information see 
also "System for high level production in E. coli and rapid purification of recombinant proteins: application 
to epitope mapping, preparation of antibodies and structure function analysis" by Stuber et al. in 
Immunological Methods. Vol. IV. pp 121-152, Lefkovits and Pernis (eds.), Academic Press, New York 

40 (1990)]. 

Transformation of the host cells by vectors as described above may be carried out by any conventional 
procedure [see for example Sambrook et al. (s.a.)]. Where the host cell is a prokaryote, such as E. coli for 
example, competent cells which are capable of DNA uptake are prepared from cells harvested after 
exponential growth phase and subsequently treated according to the known CaCb-method. Transformation 

45 can also be performed after forming a protoplast of the host cell or by other methods known in the art and 
described, e.g., in Sambrook et at. (s.a.). Therefore a vector, especially for expression in a prokaryotic or 
lower eukaryotic host cell, comprising a DNA-sequence coding for an hTNF mutein as described above, 
and a host cell, especially a prokaryotic host cell, e.g. E. coli. or a lower eukaryotic host cell, transformed 
by such a vector are also an object of the present invention. 

50 Usually, the host organisms which contain a desired expression vector are grown under conditions 
which are optimal for their growth. In case of a procaryotic host at the end of the exponential growth, when 
the increase in cell number per unit time decreases, the expression of the. desired hTNF mutein is induced, 
i.e. the ONA coding for the desired hTNF mutein is transcribed and the transcribed mRNA is translated. The 
induction can be carried out by adding an inducer or a derepressor to the growth medium or by altering a 

55 physical parameter, e.g. a change in temperature. In the expression vectors used in the preferred 
embodiments of the present invention, the expression is controlled by the lac repressor. By adding 
isopropyl-^-D-thiogalactopyranoside (IPTG), the expression control sequence is derepressed and the 
synthesis of the desired hTNF mutein is thereby induced. 



6 



EP 0 563 714 A2 



The hTNF muteins of the present invention produced by transformed host cells as stated above can be 
recovered from the culture medium or after opening the cells and/or extraction by any appropriate method 
known In protein and peptide chemistry such as, for example, precipitation with ammonium sulfate, dialysis, 
ultrafiltration, gelfiltratlon or Ion-exchange chromatography, gel electrophoresis, isoelectric focusing, affinity 

5 chromatography, like immunoafflnity chromatography. HPLC or the like. Specifically preferred methods are 
precipitation with ammonium sulfate and/or polyethylenimine. dialysis, affinity chromatography, e.g. on 
phenyl-agarose, specifically phenyl-sepharose, or ion-exchange chromatography, specifically on a MONO- 
Q- and/or MONO-S-matrix (Pharmacia, Uppsala, Sweden) or more specifically are those as described by 
Tavernier et al. [J. Mol. Biol. 211. 493-501 (1990)] and those disclosed in Example V. 

10 It is therefore also an object of the present invention to provide a process for the preparation of hTNF 
muteins as specified above which process comprises cultivating a transformed host cell as described above 
in a suitable medium and isolating a mutein from the culture supernatant or the host cell itself, and if 
desired converting said mutein Into a pharmaceutically acceptable salt. The compounds whenever prepared 
according to such a process are also an object of the present invention. 

t5 The hTNF muteins of the present invention are characterized by showing a selective binding affinity for 
the human p55-TNF-R. Such property can be determined by any assay known In the art measuring binding 
affinities. For example the binding of TNF itself and of the muteins of the present Invention can be 
measured using cells In cell culture which express the two types of TNF-receptors to a different degree, like 
for example Hep-2 cells which exclusivly express the human p55-TNF-R and U937 or HL60 cells which 

20 express in addition also the human p75-TNF-R [see Brockhaus et al., Procd. Nat. Acad. Scl. U.S.A. 87, 
3127-3131, (1990); Hohmann et al., J. Biol. Chem. 264, 14927-14934, (1989); Loetscher et al. (1990); 
Dembic et al. (1990)]. Of course binding affinities can also be detenmined directly by using purified native or 
recombinant p55-TNF-R and p75-TNF-R as specifically described in the Examples, or by using the 
corresponding soluble analogs of such receptors. 

25 The term selective binding affinity for the human p55-Tumor-Necrosis-Factor-Receptor" refers in the 
context of the present invention to a difference in binding affinities to the two types of TNF-receptors which 
is with respect to the used assay system significant enough to say that a mutein of the present invention 
binds selectively to the p55TNF-Receptors similar to wild-type TNF but has essentially lost functionally 
relevant binding to hp75-TNF-R. More specifically this term means in the context of the assay-system of the 

30 Examples that a Ko-value of a specific hTNF mutein of the present invention is at least a factor of 10 or 
more, especially preferred at least a factor of 10^, larger than for wild-type TNF-o determined by using the 
in vitro binding assay with recombinant soluble hp75-TNF-R whereas its Ko-value determined by using the 
in vitro binding assay to recombinant soluble hp55-TNF-R for the same hTNF mutein differs not by more 
than a factor of 2 from that of wild-type TNF-a. It is however understood that these specific Ko-values are 

35 given for illustration and should not be considered as limiting in any manner. 

The hTNF muteins of the present invention can be characterized by their anti-tumour activity by 
methods known in the art. 

The hTNF muceins may be administered alone or with one or more additional compounds of the 
present invention in pharmaceutically acceptable oral, Injectable or topical compositions and modes. 

40 Administration will be in a dosage such that the amount of the composition in the patient is effective to 
modify the biological function associated with hTNF mutein function. 

Pharmaceutical compositions containing hTNF muteins in association with a compatible pharmaceuti- 
cally acceptable carrier material are therefore a further object of the present invention. Any conventional 
carrier material can be utilized. The carrier material can be an organic or inorganic one suitable for enteral, 

45 percutaneous or parenteral administration. Suitable carriers include water, gelatin, gum arable, lactose, 
starch, magnesium stearate, talc, vegetable oils, polyalkylene-glycols, petroleum jelly and the like. Further- 
more, the pharmaceutical preparations may contain other pharmaceutically active agents. Additional 
additives such as flavouring agents, preservatives, stabilizers, emulsifying agents, buffers and the like may 
be added in accordance with accepted practices of pharmaceutical compounding. 

50 The pharmaceutical preparations can be made up in any conventional form including: a) a solid form of 
oral administration such as tablets, capsules, pills, powders, granules and the like; b) a liquid form for oral 
administration such as solutions, syrups, suspensions, elixirs and the like; c) preparations for parenteral 
administration such as sterile solutions, suspensions or emulsions; and d) preparations for topical admin- 
istrations such as solutions, suspensions, ointments, creams, gels, micronized powders, aerosols and the 

55 like. The pharmaceutical preparations may be sterilized and/or may contain adjuvants such as preserva- 
tives, stabilizers, wetting agents, emulsifiers, salts for varying the osmotic pressure and/or buffers. 

Parenteral dosage forms may be infusions or injectable solutions which can be injected intravenously or 
intramuscularly. These preparations can also contain other medicinally active substances. Additional 
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additives such as preservatives, stabilizers, emulsifying agents, buffers and the like may be added in 
accordance with accepted practices of pharmaceutical compounding. 

Accordingly it is also an object of the present invention to provide a process for the preparation of a 
pharmaceutical composition which process is characterized in that a compound obtained by a process of 
5 the present invention and if desired, additional pharmaceutically active substances are mixed with a non- 
toxic, inert, therapeutically compatible carrier material and the mixture is brought into a galenical application 
form. 

Furthermore the use of a compound prepared according to a process of the present Invention for the 
preparation of a pharmaceutical composition as described above is also an object of the present invention. 

10 Finally, antibodies can be raised against the hTNF muteins of the present invention. These antibodies 
can be used in a well-l<nown manner for diagnostic or therapeutic purposes as well as for purification 
purposes. Such antibodies can be produced by injecting a mammalian or avian animal with a sufficient 
amount of a vaccine formulation comprising a hTNF mutein of the present invention and a compatible 
pharmaceutical carrier to elicit the production of antibodies against said hTNF mutein. The appropriate 

15 amount of the hTNF mutein which would be required would be known to one of skill in the art or could be 
determined by routine experimentation. As used in connectin with this Invention, the term "pharmaceutical 
carrier'* can mean either the standard compositions which are suitable for human administration or the 
typical adjuvants employed in animal vaccinations. 

TNF is a potent plelotropic cytokine. Its many different activities such as, for example, the activity of 

20 growth factor for immune ceils, mediator in inflammation, or inductor of specific genes In endothelium, may 
be seen In the context of host defense to infection and injury. TNF also exhibits high systemic toxicity; the 
deleterious effects of bacteriaemia and septic shock or of bacterial meningitis are mediated to a large extent 
by endogenous cytokines among which TNF has an eariy and important role. Furthermore, many cells and 
cell lines are sensitive to a direct cytotoxic activity of TNF. Various systemic effects and cellular toxicity 

25 presumably combine in the antitumor activity of TNF seen in animal studies. 

These facts form the rational basis for the development of novel therapeutic strategies using the hTNF 
muteins of the present invention, where in particular the potential to dissect the many different hTNF 
activities shall be fully exploited to separate unwanted toxic from desired activities. One example Is to use 
the hTNF muteins of the present inventions as antitumor agents at the high doses which are made possible 

30 by the presumably lower systemic toxicity and thus to overcome the dose-limiting toxicity which presum- 
ably severely restricts the use of wild-type hTNF in cancer patients. However, the potential use of the hTNF 
muteins of the present invention is not restricted to cancer therapy. Any disease where TNF as host 
defense factor in bacterial Infection [for example Kindler. V. et al., CELL 56, 731-740 (1989); Nakano, Y. et 
al., J. Immunol. 144, 1935, (1990)] or as mediator in Inflammation plays a beneficial role might benefit from 

35 a 55kDa TNF receptor type specific drug such as the hTNF muteins of the present invention. TNF has also 
been shown to play a role in cachexia [eg. Beutler. B. and CeramI, (sa)] and TNF muteins of the present 
invention with low systemic toxicity might be used for anti-obesity therapy. Even disease states charac- 
terised by the toxic activities exerted by excessive TNF release such as septic shock or bacterial meningitis 
can benefit from 55kDA TNF receptor specific agonists such as the muteins of the present invention above 

40 or in combination with TNF antagonists 

A concise summary of the emerging role of TNF for novel therapies, where p55-TNF-Receptor type 
specific agonists of lower systemic toxicity and selectively triggering only some of the many different TNF 
activities may be expected to have significant advantages when compared to wild-type TNF, has been 
published [Tumor Necrosis Factors, The Molecules and their Emerging Role in Medicine. B. Beutler, ed., 

46 Raven Press, 1992. ISBN 0-881 67-852-X]. It includes the activities of TNF in modulating endothelial cell 
hemostatic properties and neutrophil adhesion, tissue Ischemia and reperfuslon injury, on osteoblasts and 
osteoclasts in bone resorption, as growth factor on many cells In general and in hematopolesis, as well as In 
metabolic and nutritional effects. The induction of specific genes providing cellular protection mechanisms 
such as induction of Mn-superoxide dismutase known to be under the control of p55-TNFR [Lewis et al, 

50 Proc. Natl. Acad. Sci. USA 88. 2830 (1991); Tartaglla et al. Proc. Natl. Acad. Sci. USA 88, 9292 (1991)] or 
the direct cytotoxicity of TNF in some cells all provide a rational base for novel therapeutic strategies using 
receptor type specific TNF agonists. TNF as growth/differentiation factor in the generation of lymphokine- 
activated killer (LAK) cells appears to contribute to the antitumor activities of TNF. 

An important aspect is that all these activities may be enhanced or modulated in combination with other 

55 recombinant cytokines such as for example interferon-gamma. 

After the invention has been described in genera! hereinbefore, the following Examples are intended to 
illustrate details of the invention, without thereby limiting it in any manner, in connection with the following 
Figures: 
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The following abbreviations and symbols used are: B, E, H. S. Xb and X which indicate cleavage sites 
for restriction enzymes Bgll. EcoRI. Hindlll. Sail, Xbal and Xhol, respectively. 

represents the regutatable promoter/operator element N250PSN250P29, 

represents the synthetic ribosomal binding site RBSII.SphI, 




represents genes for TNFa (TNFot), ^S-lactamase (bla), chloramphenicol acetyltransferase (cat), lac repressor 
(lad) and neomycin phosphotransferase (neo). 



20 



iiiiiiiii 



represents transcriptional terminators to of phage lambda (to) and T1 of the E. coli rrnS operon (Tl) S5 
represents the replication regions of plasmlds pBR322 and pREP4 (repl.), represents the coding region 
25 under control of N250PSN250P29 and RBSII.SphI. 

Figure la Is a schematic drawing of the plasmid pDS56/RBSII,Sphl-TNFa. 

Figure lb displays the complete nucleotide sequence of plasmid pDS56/RBSII,Sphl-TNFa. In this 
sequence, the recognition sequences of the restriction enzymes depicted in Figure 1a are 
indicated. The amino acid sequence shown represents In the three letter code the 
30 sequence of the mature TNFa (1 57 amino acids). 

Figure 2a is a schematic drawing of the plasmid pREP4. 

Figure 2b displays the complete nucleotide sequence of plasmid pREP4. In this sequence, the 

recognition sequences of the restriction enzymes depicted in Figure 2a are indicated. 
Figured outlines the preparation of an EooRI-Hindlll fragment encoding the TNFa mutelns Thr^^- 

35 TNFo. 

Rgure 4 displays the nucleotide sequence of Fragment 1 of plasmid pDS56/RBSII,Sphl-INFa- 
{Trp32) 

Figure 5 displays the nucleotide sequence of Fragment 1 of plasmid "pDS56/RBSII,Sphl-TNFa- 
(Ser29) 

40 Figure 6 displays the nucleotide sequence of Fragment 1 of plasmid pDS56/RBSII,Sphl-TNFa- 
(Ser29Trp32) 

Figure/ Competitive binding of wild-type human TNFa and Thr®^, Trp32.jhf«6 ^^^^j Ser^-Trp^- 
Thr®^ mutelns to recombinant human p-75 and p-55 TNF-R's. 

Microtiter plates coated with recombinant human p-TSTNF-R-lgG^S fusion protein (panel A) 
45 and recombinant human p-55TNF-R-lgG73 fusion protein (panel B) were Incubated with 

radlolabelled human TNFa in the presence of different concentrations of wild-type TNFa - 
(closed circles), Thr*^ mutein (open circles), Trp^^-Thr®^ mutein (open squares) and Ser^^- 
Trp^-Thr*^ mutein (open triangles). After three hours at room temperature bound radioac- 
tivity was counted in a 7-counter. 
50 Figured Competitive binding of wild-type human TNFa and Ser^^-Thr®^, Glu^^-Thr®^ and Asn^^- 
Thr®2-Thr*^ mutelns to recombinant human p-75 and p-55TNF-R's. 
Microtiter plates coated with recombinant human p-75TNF-R-lgG73 fusion protein (panel A) 
and recombinant human p-55TNF-R-lgG73 fusion protein (panel B) were incubated with 
radlolabelled human TNFa in the presence of different concentrations of wild-type TNFa • 
55 (closed circles), Ser^s-Thr*^ mutein (open circles), Asn^^-Thr^-Thr®^ mutein (open 

squares) and Glu^^-Thr^^ mutein (open triangles). After three hours at room temperature 
bound radioactivity was counted In a 7-counter. 
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Unless otherwise specified, percentages given below for solids in solid mixtures, liquids in liquids and 
solids in liquids are on a wt/wt, vol/vol and wt/vol basis, respectively. 

Example I 

5 

Preparation of Thr^ ^ -TNFa 

Plasmid pDS56/RBSII.Sphl-TNFa 

10 The human TNFa expression plasmid pDS56/RBSII,Sphl-TNFa (see Figure 1) was the source of the 
TNFa gene for preparation of the various TNFa muteins of this invention. The transformed E. coli strain M15 
[pREP4;pDS56/RBSILSphl-TNFa] has been deposited under the Budapest Treaty for patent purposes at the 
Deutsche Sammtung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, BRD, at 
September 8th. 1991. under the accession number DSM 6713. 

75 

Mutagenesis of the TNFa gene using PCR 

Two PCR reactions were performed with plasmid pDS56/RBSII.Sphl-TNFa (Figure 1) as the template 
DNA using a Perkin-Elmer Cetus GeneAmp™ DNA Amplification Reagent Kit with AmpllTaq™ Rec- 

20 ombinant Taq DNA Polymerase [see Figure 3]. 

Reaction I was performed with primers 17/F (5*-GGCGTATCACGAGGCCCTTTCG-3'; primer 17/F 
comprises nucleotides 3949-3970 of plasmid pDS56/RBSII,Sphl-TNFa) and 29/M22 (5- 
GTAGGTGACGGCGATGCGGCTGATGGT-3'; primer 29/M22 comprises nucleotides which are complemen- 
tary to nucleotides 378-352 of plasmid pDS56/RBSIt,Sphl-TNFa, the mutated base is underlined). 

25 Reaction II was performed with primers 29/MR1 (5'-CAGACCAAGGTCAAGCTCCTG-3'; primer 29/MR1 
comprises nucleotides 379-399 of plasmid pDS56/RBSII,Sphl-TNFa) and 17/0 (5*- 
CATTAGTGGATCTATCAAGAGG-3*: primer 17/0 comprises nucleotides which are complementary to 
nucleotides 748-727 of plasmid pDS56/RBSII.Sphl-TNFa). 

In a typical experiment, 10 ul template DNA (10 ng), 5 ill each of the two primers (100 pmoles each), 

30 16 ul dNTP's mix (1.25 mM of dATP. dGTP, dCTP. and dTTP), 10 ill lOx reaction buffer (100 mM Tris-HGI 
pH8.3, 500 mM KCL, 15 mM MgGk and 0.1 % gelatin), 1 ul (5 units) AmpliTaq™ DNA polymerase and 53 
ul H2O were mixed in an Eppendorf tube and overlaid with 80 ml mineral oil (Perkin-Elmer Cetus). The 
tubes were transferred to a DNA thermal cycler (TRIO-Thermoblock, Biometra) and kept for 1 min at 94°C, 
before 35 cycles of melting the DNA (1 min at 94°C). annealing the primers (1 min at 50°C), and extending 

35 the primers (3 min at 72°G) were performed. After additional 2 min at 72°C. the reactions were cooled to 
room temperature and extracted with chloroform. The DNA present in the aqueous phase was precipitated 
with ethanot and subjected to electrophoresis in a 6 % polyacrylamide gel [Sambrook et al., 1989]. After 
staining of the DNA with ethldlum bromide, fragments I and 11 (see Figure 3) were isolated from the gel and 
purified [Sambrook et al., 1989]. 

40 

Preparation of a DNA fragment encoding Thi*^-TNFo 

Fragments I and II were enzymatically phosphorylated, before they were ligated with each other 
[Sambrook et al., 1989]. After heat-lnactlvation of the llgase and digestion with restriction enzymes EcoRI 
45 and Hindlll, the DNA was subjected to electrophoresis in a 6 % polyacrylamide gel. After staining of the 
DNA with ethldlum bromide, the EcoRI-Hindlll fragment A [see Figure 3] was Isolated from tiie gel and 
purified [s.a]. 

Preparation of a plasmid encoding Thr^^-TNFa 

50 

The EcoRI-Hindlll fragment A was inserted according to standard methods [Sambrook et al.. 1989] into 
the EcoRI-Hindlll opened plasmid pDS56/RBSII,Sphl-TNFa generating the plasmid pDS56/RBSll,Sphl- 
TNFa(Thr86). Plasmid DNA was prepared [Birnboim et al.. 1979] and the identity of the coding region for 
the TNFa mutein was confirmed by sequencing the double-stranded DNA [Sambrook et al., 1989]. 
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Production of Thr®^-TNFo 

Plasmid pDS56/RBSII,Sphl-TNFa(Thr86) was transformed into E. coli Ml 5 cells containing already 
plasmid pREP4 by standard methods [s.a.]. Transformed cells were grown at 37°C in LB medium 
5 (Sambrook et al.. 1989] containing 100 mg/l ampicillln and 25 mg/l kanamycin. At an optical density at 600 
nm of about 0.7 to 1.0 IPTG was added to a final concentration of 2 mM. After additional 2.5 to 5 h at 37**C 
the cells were harvested by centrifugation. 

Example II 

10 

Preparation of Glu ^^ -TNFa and Asn^ ^ Thr^-TNFa 
Principles 

75 The TNFa muteins Glu^^-TNFo and Asn^^Thr^^.j^Fa were prepared following the procedure described 
in detail In Example I for the preparation of Thr®^-TNFa. Therefore, in the description of the preparation of 
the TNFa muteins listed above only the primers used in PGR reactions I and II are specified. Furthermore, 
the names of the expression plasmids encoding the various TNFa muteins are given. 

20 Preparation of Glu^^-TNFa 

PGR reaction I was performed with primers 17/F (5'-GGGGTATGAGGAGGCGCTTTGG-3'; primer 17/F 
comprises nucleotides 3949-3970 of plasmid pDS56/RBSII,Sphl-TNFa) and 21 /M5 (5- 
ATTGGCCGGGTCGTTGAGGCACTGGAGCTGGGCCTC-3'; primer 21/M5 comprises nucleotides which are 

25 complementary to nucleotides 219-184 of plasmid pDS56/RBSII.Sphl-TNFa, mutated bases are underlined). 
PGR reaction II was performed with primers 21/MR (5'-GGGGTGGTGGGGAATGGGGTGG-3': primer 21/MR 
comprises nucleotides 220-241 of plasmid pDS56/RBSII,Sphl-TNFa) and 17/0 (5*- 
GATTACTGGATGTATGAAGAGG-3'; primer 17/0 comprises nucleotides which are complementary to 
nucleotides 748-727 of plasmid pDS56/RBSII,Sphl-TNFa). 

30 The resulting expression plasmid pDS56/RBSII.Sphl-TNFa(Glu31) was used for production of Glu^^- 
TNFa and in the construction of plasmid pDS56/RBSII.Sphl-TNFa(Glu31Thr86) (see Example iV). 

Preparation of Asn^^Thr^^-TNFa 

35 PGR reaction I was performed with primers 17/F (5'-GGGGTATGAGGAGGGGGTTTGG-3': primer 17/F 
comprises nucleotides 3949-3970 of plasmid pDS56/RBSII,Sphl-TNFa) and 21 /MB (5- 
ATTGGGAGTGTTGTTGAGGGAGTGGAGGTGCGCGTC-3'; primer 21/M6 comprises nucleotides which are 
complementary to nucleotides 219-184 of plasmid pDS56/RBSII,Sphl-TNFa. mutated bases are underiined). 
PGR reaction II was performed with primers 21/MR (5*-GGGGTCCTGGGGAATGGCGTGG-3'; primer 21/MR 

40 comprises nucleotides 220-241 of plasmid pDS56/RBSII,Sphl-TNFa) and 17/0 (5*- 
GATTAGTGGATGTATGAAGAGG-3'; primer 17/0 comprises nucleotides which are complementary to 
nucleotides 748-727 of plasmid pDS56/RBSII.Sphl-TNFa). 

The resulting expression plasmid pDS56/RBSII,Sphl-TNFa(Asn31Thr32) was used for production of 
Asn3iThr32-TNFa and in the construction of plasmid pDS56/RBSII,Sphl-TNFa(Asn31Thr32Thr86) (see Exam- 

45 pie IV). 

Example ill 

Preparation of Trp^Thr^ ^ -TNFa 

50 

Principles 

For preparation of Trp32Thr«^-TNFa the expression plasmid pDS56/RBSII,Sphl-TNFa(Trp32Thr86) was 
constructed, which was subsequently used for the production of Trp^^Thr^^-TNFa in E. coll. 

55 
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Construction of plasmid pDS56/RBSII.Sphl-TNFa(Trp32Thr86) 

All the expression plasmids described In Examples I and II contain the same two sites for the restriction 
enzyme Bgll as plasmid pDS56/RBSIKSphl-TNFa (see Rgure 1). One of these sites Is located in the fi- 
lactamase gene whereas the other site is located in the TNFa gene. This latter site separates the coding 
region for TNFa into two parts: one part is coding for amino acids 1 to 36 of TNFa, the other part encodes 
amino acids 37 to 157 of TNFa (see Figure lb). 

For construction of plasmid pDS56/RBSII,Sphl-TNFa(Trp32Thr86) DNA fragments 1 and 2 were pre- 
pared according to standard methods [Sambrook et al., 1989]. Fragment 1 (for sequences see Fig. 4) was 
the small Bgll fragment of plasmid pDS56/RBSII.Sphl-TNFa(Trp32) with the regulatable promoter and the 
coding region for Trp32-TNFa up to amino acid 36. Fragment 2 was the large Bgll fragment of plasmid 
pDS56/RBSII,Sphl-TNFa(Thr86) with the coding region for Thr«^-TNFa starting at amino acid 37 and the 
replication region of the plasmid. Fragment 1 and the enzymatically dephosphorylated fragment 2 were 
llgated with each other [Sambrook et al.. 1989] resulting in plasmid pDS56/RBSII.Sphl-TNFa(Trp32Thr86). 

M15(pREP4;pDS56/RBSII,Sphl-TNFa(Trp32)) cells have been deposited under the Budapest Treaty for 
patent purposes at the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in 
Braunschweig, BRD at November 19th, 1990 under accession number DSM 6241. 

Production of Trp32Thr«6-TNFa 

Plasmid pDS56/RBSII.Sphl-TNFa(Trp32Thr86) was transformed into E. coll Ml 5 cells containing already 
plasmid pREP4 by standard methods [s.a.]. Transformed cells were grown at 37^*0 in LB medium [s.a.] 
containing 100 mg/l ampicillin and 25 mg/l kanamycln. At an optical density at 600 nm of about 0.7 to 1.0 
IPTG was added to a final concentration of 2 mM. After additional 2.5 to 5 h at 37®C the cells were 
harvested by centrifugation. 

Example IV 

Preparation of Ser^ ^ Thr^ g -TNFa, Ser^TrpS ^Thr^s -TNFa, Glu3 ^Thr»^ -TNFa and Asn ^^ Thr^ ^Thr^^ -TNFa 
Principles 

The TNFa muteins Ser^^Thr^^-TNFa, Ser2^Trp32ThrS^-TNFa. Glu^^Thi^^-TNFa and Asn^^Thr^^Thr^s- 
TNFa were prepared following the procedure described in detail in Example 111 for the preparation of 
Trp32Thr*^-TNFa. Therefore, in the description of the preparation of the TNFa muteins listed above only the 
DNA fragments corresponding to fragment 1 of Example III are specified. Furthermore, the names of the 
expression plasmids encoding the various TNFa muteins are given. 

Preparation of Ser^^Thr^^-TNFa 

Fragment 1 (for sequences see Fig. 5)was the small Bgll fragment of plasmid pDS56/RBSII,Sphl-TNFa- 
(Ser29) with the regulatable promoter and the coding region for Ser^^-TNFa up to amino acid 36. Fragment 
1 and the enzymatically dephosphorylated fragment 2 (see Example III) were ligated with each other 
[Sambrook et al., 1989] resulting in plasmid pDSS6/RBSII.Spht-TNFa(Ser29Thr86), which was subsequently 
used for the production of Ser^^Thr^^-TNFa in E. coli. 

Ml 5 (pREP4;pDS56/RBSII,Sphl-TNFa(Ser29)) cells have been deposited under the Budapest Treaty for 
patent purposes at the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in 
Braunschweig. BRD at November 19th. 1990 under accession number DSM 6240. 

Preparation of Ser^^Trp^hr^^-TNFo 

Fragment 1 (for sequences see Fig. 6) was the small Bgll fragment of plasmid pDS56/RBSII,Sphl-TNFa- 
(Ser29Trp32) with the regulatable promoter and the coding region for Ser^Trp^-TNFa up to amino acid 36. 
Fragment 1 and the enzymatically dephosphorylated fragment 2 (see Example III) were ligated with each 
other [Sambrook et al., 1989] resulting in plasmid pDS56/RBSIl,Sphl-TNFa(Ser29Trp32Thr86), which was 
subsequently used for the production of Ser^^Trp^Thr^^-TNFa in E. coli. 
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Preparation of Glu^^Thr^^-TNFo 

Fragment 1 was the small Bgll fragment of plasmid pDS56/RBSII,Sphl-TNFo(Glu31) with the regulatable 
promoter and the coding region for Glu^^-TNFa up to amino acid 36. Fragment 1 and the enzymatically 
5 dephosphorylated fragment 2 (see Example III) were ligated with each other [Sambrook et al.. 1989] 
resulting in plasmid pDS56/RBSIt,Sphl-TNFa(Glu31Thr86), which was subsequently used for the production 
of Glu3^Thr«^-TNFa in E. coli. 

Preparation of Asn^^Thr^Thr^^-TNFa 

10 

Fragment 1 was the small Bgll fragment of plasmid pDS56/RBSII,Sphl-TNFa(Asn31Thr32) with the 
regulatable promoter and the coding region for Asn^^Thr^-TNFa up to amino acid 36. Fragment 1 and the 
enzymatically dephosphorylated fragment 2 (see Example III) were ligated with each other [Sambrook et al., 
1989] resulting in plasmid pDS56/RBSII,Sphl-TNFa(Asn31Thr32Thr86), which was subsequently used for 
75 the production of Asn^^Thr^^jhfSe.jisipQf jp g ^oli. 

Example V 

Purification of Human TNFa Muteins 

20 

One liter overnight cultures of E. coli cells transformed and induced as described above were collected 
by centrifugation and resuspended in 20 ml 50 mM Tris, pH 7.2, 200 mM KCI. 50 mM MgCb. 5% glycerol. 
The cells were disrupted in a French press at a pressure of 20*000 psi. After clarification by centrifugation 
(70*000 x g, 30 min, 4°C) solid ammonium sulfate was added to a final concentration of 30%. The solution 

25 was stirred at room temperature for one hour and then centrifuged at lO'OOO x g for 20 min at 4X. The 
supernatant was filtered through a 0.45ixm filter and adjusted to 70% in ammonium sulfate. The precipitated 
proteins were collected by centrifugation. dissolved in 20 ml 20 mM Tris. pH 9.0, and dialyzed against the 
same buffer overnight at 4^C. 1 ml aliquots of the dialyzed samples were applied to a MonoQ column (HR 
5/5, LKB-Pharmacia) equilibrated in 20 mM Tris pH 9.0 and eluted with a linear NaCI gradient (0 to 400 mM 

30 in 20 mM Tris pH 9.0) at a flow rate of 0.5 ml/min. 0.5 ml fractions were collected and analyzed for the 
presence of TNFa muteins by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 
Positive fractions were pooled, dialyzed against 20 mM 2-morpholinoethanesulfonic acid (MES) pH 6.0 and 
applied to a MonoS column (HR 5/5, LKB-Pharmacia) equilibrated in 20 mM MES pH 6.0. Proteins were 
eluted with a linear NaCI gradient (0 to 400 mM in 20 mM MES pH 6.0) at a flow rate of 0.5 ml/min. The 

35 various TNFa muteins eluted as electrophoretically pure proteins between 250 mM and 350 mM NaCI. After 
dialysis against phosphate buffered saline (PBS) the protein concentration was determined by the BCA 
Protein Assay (Pierce Chemical Company) using wild-type human TNFa as a standard. 

Example VI 

40 

Competitive Binding of Human TNFa and Muteins to Recombinant Human p75-TNF-R and p55-TNF-R 

For the competitive binding assay microtiter plates were coated with recombinant human p75-TNF-R- 
human igG73 and p55-TNF-R-human lgG73 fusion proteins dissolved in PBS at 0.3 ug/ml and 0.1 ug/ml, 

45 respectively, (100 ul/well. overnight at 4°C) [Loetscher, H. et al., J. Biol. Chem. 266. 18324 - 18329 (1991); 
Lesslauer, W. et al.. Eur. J. Immunol. 21, 2883 - 2886 (1991)]. After blocking with blocking buffer (50 mM 
Tris pH 7.4, 140 mM NaCI, 5 mM EOfA, 0.02% NaNa, 1% defatted milk powder) the microtiter plate was 
washed with PBS and incubated with 10 ng/ml human ^^t-TNFa (labelled by the lodogen method (Pierce 
Chemical Company) to a specific activity of about 30 uCi/ug) in the presence of different concentrations of 

50 the muteins. The volume was 100 ul/well and each concentration was assayed in triplicate. After three hours 
at room temperature the wells were thoroughly washed with PBS and counted in a g-counter. 

Claims 

55 1. A human Tumor Necrosis Factor mutein or a pharmaceutically acceptable salt thereof having selective 
binding affinity for the human p55-Tumor-Necrosis-Factor-Receptor characterized in that the amino acid 
sequence of human Tumor Necrosis Factor is changed at least at position 86 showing a threonine 
instead of a serine residue. 
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70 



76 



20 



2. A mutein as claimed In claim 1 or a pharmaceutlcally acceptable salt thereof, wherein said amino acid 
sequence is changed at one or more additional positions, preferably at one or two additional positions. 

3. A mutein as claimed in claim 2 or a pharmaceutlcally acceptable salt thereof, wherein said amino acid 
sequence is changed at positions 29 and 86. 31 and 86, 32 and 86. 29. 32 and 86, and 31 . 32 and 86. 

4. A mutein as claimed in any one of claims 1 to 3 or a pharmaceutlcally acceptable salt thereof which is 
Thr«^-TNFa. Ser^s-Thr^^-TNFa, Qlu^'-Thr^^-INFa. Trp^s-Thr^^-INFa, Ser»-Trp32-Thi«s-TNFa or Asn^i- 
Thr32.Thr«e-TNFa. 

5. A DNA-sequence comprising a DNA-sequence coding for a mutein as claimed in any one of claims 1-4. 

6. A vector, especially for expression in a prokaryotic or lower eukaryotic host cell, comprising a DNA- 
sequence as claimed in claim 5. 

7. A host cell, especially a prokaryotic or lower eukaryotic host cell transformed with a vector as claimed 
in claim 6. 

8. A host cell as claimed in claim 7 which Is E. coli. 

9. A compound as claimed in any one of claims 1-4 for the treatment of illnesses. 



10. A process for the preparation of a compound as claimed in any one of claims 1-4 which process 
comprises cultivating a host cell as claimed in claim 7 or claim 8 in a suitable medium and isolating the 

25 mutein from the culture supernatant or the host cell itself, and if desired converting said mutein into a 
pharmaceutlcally acceptable salt. 

11. A pharmaceutical composition which contains one or more compounds as claimed in any one of claims 
1-4, if desired, in combination with additional pharmaceutlcally active substances and/or non-toxic, inert, 

30 therapeutically compatible carrier materials. 

12. The use of a compound as claimed in any one of claims 1-4 for the treatment of illnesses. 



35 



40 



4S 



SO 



55 



14 



EP 0 563 714 A2 



Fig. la 
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Fig. lb 

Xhol 

1 CTCGAGAAAT CATAAAAAAT T TAlTllaClT TGIGAGCGGA TAACAATIAT 

CCORI 

51 AATAGATICA ATIGTGAGCG GAXAACAATT TCACACAGAA TTCMTAAAG 

101 AGGAGAAATT AAGCATGGTC AGATCATCTT CTCGAACCCC GAGTGACAAG 

Val ArgSecSerS erArgThrPr oSerAspLys 
1 11 

151 CCTGTAGCCC ATGrTGTCGC GAACCCTCAA GCTGAGGGGC AGCTCCAGTG 
ProValAlaH isValValAl aAsnProGln AlaGlxiGlyG InLeuGlnTr 

21 

Bgll 

201 GCTGAACCGC CGGGCCAATG CCCTCCTGGC CAATGGCGTG GAGCTGAGAG 
pLeuAsnArg ArgAlaAsnA laLetiLeuAl aAsnGlyVal GluLeuAroA 
31 41 

251 ATAACCAGCT GGTGGTGCCA TCAGAGGGCC TGTACCTCAT CTACTCCCAG 
spAsnGlnLe uValValPro SerGluGlyL euTyrLeuIl eTyrSerGln 
51 61 

301 GTCCTCTICA AGGGCCAAGG CTQCCCCTCC ACCCATGTGC TCCTCACCCA 
ValLeuPheL ysGlyGlnGl yCysProSer itiraisValL euLeuThrHi 

71 

351 CACCATCAGC CGCATCGCCG T CTCC TA CCA GACCAAGGTC AACCTCCTCT 
sThrlleSer ArglleAlaV alSecTyrGl nThrLysVal AsnLeiiLeiiS 
81 91 

401 CTGCCATCAA GAGCCCCTGC CAGAGGGAGA CCCCAGAGGG GGCTGAGGCC 
ecAlaileLy sSerProCys GlnArgGluT hrProGluGl yAlaGluAla 
101 111 

451 AAGCCCTQGT ATGAGCCCAT C TA TCT G GGA QGGGTCTTCC AGCTGGAGAA 
LysProTrpT yrGluProll eTyrlieuGly GlyValPheG InLeuGluLy 

121 

501 GGGTGACCGA CTCAGCGCTG AGATCAAICG GCCCGACM CTCGACTTTG 
sGlyAspArg LeuSerAlaG luXleAsnAr gProAspTyr LeiiAspPheA 
131 141 

551 COGAGTCTGG GCAGG7CIAC TTTOQGATCA riGCCCTGTG AGGAGGAOGA 
laGluSerGl yGlnValTyr PheGlyllel leAlaLeu 
151 157 

601 ACATCCAACC TICCCAAACG CCTCOCCTGC CCCAATCCCT TiaVTEACCCC 

651 CTCCTTCAGA CACCCTCAAC CTCTICTGGC TCAAAAAGAG AATTGGGGGC 

Hindlll 

701 TEAGGGTCGG AACCCAAGCT TGGACTCOG TTGAXAGA3X: CACTAATCAC 
751 CTCAGAACTC CATCTQGATT TGTTCAGAAC GCTCQGITGC CGCCGGGCGT 
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Fig. lb (cont.) 

801 TTmanGG TOaGftArCCA AQCTAGCTTG GCGAGRTTTP CftGGftGCmA 

851 GGAMCTRAA ATGGAGAAAA AAATCRCIQG AlATACCACC GITGaXMaT 

901 CCCRAIGGCA TCGIRAAGAA CfiTTTTGfiGG CAITTCAGTC AGTTCCrCAA 

951 TGTRCCTRIA ACCRCACCGT TCAGCIGCaT ATTROSGCCT TTTTRAAGftC 

1001 CGIRAWSAAA AAXRAGCftCA ASTITTMCCC GGCCTTXRTT CACR3TCTTG 

1051 CCCQCTTGAT GAAaJGCTCAT CaSGftMTTC GXR3X3GCRAT GAAAGACGGT 

1101 GftGClGGIGA TRaXJC3C3ft3»G TtSTOlCCCr TGTTRCACCG TITXCCaiGA 

1151 GCAAACTGRA AOGTITrcar CGCTCTOGftG TGAAIRCCaC GACGATTTCC 

1201 GGCftfimCT ACACATRUVT TCGCAAGAIG TGGCGIGT1A CQGIGftAAAC 

1251 CTGGCnaTT TCOCIRAMG GITIRIITGAG AAXRIQTTTT TCGICICRGC 

1301 CftAICCCTOS GICftGITTCA CCAGTTTT^ 

1351 ACRACTTCTT CGCCCCCQTT TTCROCRIGG GCRAATRTTA TRCGCRAGCX: 

1401 GACAAGGTOC TGATGCCGCT GGCGATTCAG GITCKTCAro CCGICEGIGA 

1451 TQGCnCCRT GIOSGCaGAA TCCTXRATOA ATTIVCHAaG TRClGOCSftlG 

1501 AOIGQCAGQG CGGGGOOIftA TTTTTTXMG GOIGTtMTS GIGCrcmA 

1551 AOXnGGQG XRAIGRCICT CXBGCITCRG GCKDCRAAXA AAACGAAAGG 

1601 CTCAGTCGRA AGacroOQCX mU,lTm T C I GnUlTi ' GiaSGlGAAC 

_ xbal 

1651 GCTC1U.'1UA GXRGGRCRAA TCOSCSGCTC TRGMCTOCC TCGOGOGTTT 

1701 GOOTOATCRC GSTGAAAAOC TCTGRCRCftT GCAGCTCCCG CSftGAOSOraV 

1751 CAGCTIOTCT GIRAGCGGAT GCmSGAGCai Gft^^ 

1801 Tocasxscnxi TTccaaBBixi 

1851 CGAXRGCGGA GlGIM3VCro GCTIRACIM GaSGCRTCRG AGCAGavrTGT 

1901 ACXGAGAGEG CROaVIMXSC GGIOIGAAAT ACCGCftCWSA TGCGiaAGGA 

1951 GftAAATROSS CAICMGGGC TCT^^ 

2001 CGCICGGTCT GTCGGCTGCG GCCaGCGGIA TCaGCTCRCT CRAAGGCSGT 

2051 AAIAOGGITA TCXaCftGAAT CRGGQGAXRA QGCAQSIMG AAGRTOIGAG 

2101 CMMCGCCH GCAAAAGOCC AGGAAOOQIA AAAAOGCOSC GXXGCIGtSOS 
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V con u 






2151 


TTmCQ^ GGCTCCGCCC 


CCCTGACGAG 


G^TCACAAAA 


ATCGAOGCTC 


2201 


AAGTCAGAGG TGGCGAAACC 


CGACAGGrVCT 


ATAAAGATAC 


CAGGCGTrrC 


2251 


CCCCTGGAAG CTCCCTCGTG 


CGCTCTCCTG 


TTCCGACCCT 


GCCGCTTACC 


2301 


GGATACCTGT CCGCCTITCT 


CCCTTCGGC5A 


AGCX3IGGCGC 


TTTCTQWVIG 


2351 


CraVCGCTGT AGGTATCTGV 


GXTCGGTOIA 


GGTCGTTCGC 


TCCAAGCTGG 


2401 


GCTOIGIGCA CGAACCCCCC 


GTTCAGCCGG 


ACOGCTGCGC 


Cn!ATCCGGT 


2451 




CCCXSGIAAGA 


CACGACTTAT 


CGCCAdGGC 


2501 


AGCAGCCACT GGTAACAGQV 


TTAGCAGAGC 


GAGGZAIG'IA 


GGCGGTGCIA 


2551 


CAGAGTTCrr GAAGIGGIGG 


CCIAACZACG 


GCTACACTAG 


AAGGACAGIA 


2601 


TnGGIAICT GCGCTCTGCT 




ACCrrGGGAA 


AAAGAGTTGG 


2651 


TftGCrcniA TCCGGCAAAC 


AAACCACCGC 


TGGTAGCGGT 


GG1OTTTTTG 


2701 


TTTGCAAGOV GCSVG^mCG 


CGOVGAAAAA 




AGAAGATCCT 


2751 


TTCATCrrTT CTACGGGGTC 


TGACGCTCA6 


TGGAACGAAA 


ACICAOSnA 


2801 


AGGGAXITTG GICA3GAGAT 


TA3!CAAAAAG 


GATCTTCACC 


TAGAIXXTIT 


2851 


TAAATTAAAA ATG2VAGCTTT 


MATCAATCT 


AAAGXATAXA 


TGAGTAAACT 


2901 


TGOICXGAaV GTTACCMTO 




GAGGO^CIA 


TCTCAGCX3AT 


2951 


CTOTCTAnr OGTTCATCQV 


1!AGC1GCCTG 


ACTCCCCGTC 


GTOTAGATAA 


3001 


CTAOGAXACG GGAGGGCTQl 


COVICXGGCC 


CCAGIGCZGC 


AAIGMCACCG 


3051 


CGAGACCCAC GCTGAOIiGC 


TCCAGArnA 


TCAGQU^XAA 


ACCAGCCAGC 


3101 


Bgll 

CGGAAGGGCC GAGCGQ^GAA 


GIGGZCGCGC 


AACITIATCC 


GCdCCATCC 


3151 


AGrTClATIAA. Tilj'i'lTjCCGG 


GAAGCnVGAG 


TAAGlAGnC 


GCQIU3TTAAT 


3201 


AQiTlUOGQ^ ACGTXGnGC 


CAITGCIAai 


GGCAIZOGTGG 


TGTCAOGCTC 


3251 


GlWrniUr ATOGCTICAT 


TCAGC7C0G6 


TTCCCAAOGA 


TCAAGGCGAG 


3301 


T3ACAXGATC CCCCAIGrTO 


TGOVAAAAAG 


CGGTTAGCTC 


CTTOGGTCCT 


3351 


CCGATCGTTG TCAGAAGTAA 


GTTGGCCGOV 


GTOriATCAC 


TCATGGTCAX 


3401 


GGCAGCACTG CAXAATICTC 


nACTGTCAT 


GCCAICCGIA 


AGAiGcmr 


3451 


CIGTGI^CTGG TCAGIACICA. 


ACCAAGIQVr 


TCTGAGMXA 


GTGZAIGOGG 
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Fig. lb (cont. ) 

3501 CGACCGACTT GCTCTTGCCC CXXXilCRAIA CGGGMAATA CCGCGCCRCA 

3551 TAGCRGAACT TOAfMSTQC TCRICATTQG AAAACGTrCT TCCJGQGOGAA 

3601 AACTCTCAAG GATCTIRCCG CTGTTGftGAT CCftGlTCGW GIAACCCACT 

3651 OSTGCACCCA ACTGATCTTC AGCftXCTTTT ACTTTCJICCA CXCTTTCTCG 

3701 GTOCOUVAA AOVOaWVGGC AAAATGCC^ 

3751 CACGGftAATG TTCSAATRCXC ATRCTCirCC TTTTTCRAm TXATIGftAGC 

3801 ATTTRICRGG GTTWlUlUr CMGftCCGGA TACJVSRITIG MTOIMT1A 

3851 (SfMMOMA CPAMmseXi Tscaxs^ 

3901 CTGACOICa AGAAACCATT ATTATCATCA CATCAACCm TftAAAAIAGG 

3951 CGIAICRCGA GGCCCmCG TCTTOVC 
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Fig. 2b 



1 


HindXII 




WvUXwvuUUU 


vK«AAuuQUxU 




51 












101 


XVJ ^lIU 


XwUUCXniXv* X 




A A AO^^A A^^ 


/^^A A A/^ AOA A 


151 


AGCAGOTAGT 


X X v9WUjX\Ag^9 


\»XXAIi.AXvMV. 




CTGGGCGGTT 


201 






uutwvLXviUU\ 


GCTGGGGCGC 


CCTCIQGTAil 


251 




v«uuxuwvlAu 


xiiAALTIuunT 


GGcrrrans 


^/*^#*^A lk^#">ik 


301 




V,.iUA»AalXwi 


i«jnX\* IvMUA* 


A A^A^A/^A^#** 

AAGAGACAGG 


ATGACGGTCG 


351 


1 X X wWLAXVjC 


XX\MU«AA6li 




GQ^GGiTmC 


CGGCCGCTTG 


401 






ATQACTGGGC 




ATOGGCTGCT 






CGR?]nCCGG 


CTGTQ^GGGC 


AGGGGCGCCC 


GGncTTrax 




vjXw^AunUiAj 


ACCTGTCCGG 


TGCCCTGAAX 


GAACTGQ^GG 


ACGAGGCAGC 






xXjGCxuuCCA 


CGACGGGCGT 


TCCnt^GC^ 


GCTSZGCTCG 


Am 


iU«U'X'X\jX'UU. 


TGAAGCGGG21 


AQGCSACTGGC 


TGCIATrGGG 


OGAAOIGCCG 


Am 




TcxntjTCArc 


TCAik.wxxvCT 


CCXGCOGAGA 




/UX 




GCAAIIGCGGC 


GGCTGQ^!I3\C 


GCTTCKSCCG 


GCTACCIX3CC 


r3X 






CATCGCAICG 


AGCGAGCAQj 


T^CTCX3GM!G 


OUX 


GAAGCOGGTC 




GGATGATCTS 


GAOGAAGAGC 


AXCAGGGGCT 


03X 


OGOCjOCAGCC 


GAAC'lljirrLXs 


CCAGGCTCAA 


CCCQOXKTG 


CCOGAOGGCG 


7UX 


AGG2VICT0GT 


CGIGACOQ^ 


GG0GA3GCCT 


GCnGCOGAA 


TASCAUGSTG 


7dx 


GAAAAiroGCC 


GCTlTilTlUG 


ATXCATCGAC 


TGIOGCOGGC 


TQGGIGTGGC 


XOOX 


GGA£GGC13Vr 


CAOGACAXAG 


CGTVCCCSRC 


COGIGAISVTT 


GCTGAAGAGC 


1051 


TTGGCGGCG^ 


ATGGGCTGAC 


CGCTTCCT06 


TGCnTACGG 


T3VICGCCGCT 


1101 


CCOGATTCGC 


AGC3GCA3CGC 


CnCEATOGC 


CTTCTTGAOG 




llSl 


AGCOGGAdC 


TGGGGTIOGA 


AA3?GACCGAC 


CAAGCGACGC 


CGVACCIGCC 


1201 


AICAOQVGAT 


TT0GA3TCQV 


COQCOGCCTT 


CI»3GAAAGG 


TTGGGCmCG 


1251 


GAAICGTTTT 


COGGGACXXrC 


GGCTGGA3T3V 


TCCTCCAGCG 


CGGCXMCTC 


1301 


AIGCIGGAGT 


TCTTOGCCQV 


CCCOGGGCTC 


GftTCCCCTCG 
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Fig, 


2b (cont 


.) 




1351 


CAGCIGCIGC 


CXGAGGCTGG 


ACGACCTCGC 


GGAGTTCTAC CGGCAGIGCA 


1401 


AAICOGTOGG 


CKTCCMXIA 


ACCAGCAGCG 


GCTATCCGCG CATCCAaXSCC 


1451 


CCC3GAACTGC 


AGGAGXGGGG 


AGGCACGAIG 


Sail 

GCCGCTTTGG ICGACAATTC 


1501 


GCGCIRACTT 




CGTTGCGCTC 


ACTGCCCGCT 


TTCG^GTCGG 


1551 


GAAACCTGTC 


GIGCCAGCTG 


CATEAAIGAA 


TCGGCCAACG 


CGCGGGGAGA 


1601 


GGOGGITTGC 


GTAl'lUGGCG 


CCAGGGIGGT 




ACCAGTGAGA 


iTntrrmx; 


1651 


CGGGOUVCAG 


CTGKnGCCC 


'nCACCGCCT 


GGCCCTGAGA 


GAGRGCAGC 


1701 


AAGOQQTGO^ 






OGAAAAICCT 


GrrroATCGT 


1751 


GGITAAOGGC 


GGGAXAXAAC 


ATGAGCTGIC 


TTCGGXATCG 


TCGTATCCQV 


1801 


CTACCGAQVI 


ATCCGCACCA 


ACGCGCAGCC 


CGGACTCGGT 


AAIGGCGCGC 


1851 


ATTCCGCCOV 


GCGCCATCTG 


AaXIGTIGGCA 


ACCAGCAICG 


CAGXGGGAAC 


1901 
1951 


GA3GCCCICA 
TCCAGIGGCC 


"nCAGCAITT 


GQUGGITIG 


TIGAAAACGG 


GACAIGGCAC 


TTCCCXiriCC 


GCIAIIOGGCT 


GAAITIGAIT 


GGGAGIGAGA 


2001 


TKCL'SXIXXC 


AGCCAGCCAG 


AOGCAGAOGC 


GCCGAGACAG 


AAdTAATGG 


2051 


GCCCXjCTAAC 


AGCGCGAITT 


GCTGGTGACC 


XIAATGCGACC 


AGAIXSCTCCA 


2101 


CGOcounos 


CGTRCCGTCT 


TCA3IGGGAGA 


AAAIAAXACT 


GTTGATGGCjr 


2151 


GTClOilCAG 




AAAXAACGCC 


GGAACATTAG 




2201 


TTOCACAGOV 


AIGGmCCT 


GGTCATCCAG 






2251 


CACXGACGCG 




AGATiUTKA 


COGCOGCTTT 


ACAGGCrrCG 


2301 


acxjCogctix: 


GnCD\CCAT 


CXSACACCACC 


ACGCTGGCAC 


CCAGXTGATC 


2351 




TEAATCGCCG 


GGACAATTTG 


CGAOSGCGOG 


TGCAOGGCQl 


2401 


GACXGGAGSr 


GGO^AOGCCA 


MCAGCAAOG 


AcromGcc 


OGCCAGTIGT 


2451 


TSRjOOVCGC 


GGTIGGGAAT 


GIAA3TCAGC 


TCCGCOKTOG 


CCGCnCCAC 


2501 


•iTmum: 




AAACGIGGCT 


GGCCIGGTTC 


ACCACGCGGG 


2551 
2601 


AAAOGGTCTG 


ATAAGAGACA 
CATTCACCAC 


CCGGCATACT 


CTGCGACATC 


GTAXAACGIT 


ACltX?mCA 


CCTGAATTGA 


CTCTCTICCG 


GGCGCTATCA 


2651 


TGCCAXAOX; 


CGAAAGGTTr 


TGCGCQVTTC 


GAilGGIGICA 


AOGTAAATGC 
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Fig. 2b (cont,) 
Sail 



2701 


ATGCCGCTEC 


GCCTTCGCGC 


GCGftATTGTC GACCCTGTCC 


ci'cciun'CA 


2751 


GCDVCTGACG 


GGGIGGTGCG 


T2VA0GGCAAA AGCACCGCCG 


GIVCAIICAGCG 


2801 


CTAGCGGAGT 


GTAXACIGGC 


TTACTMGTT GGCACTGATG 


AGGGTOICAG 


2851 


TGAAGTGCTT 


CATGTGGCAG 


GAGAAAAAAG GCTGCACCGG 


TGCGTCAGCA 


2901 


GAAZAIGTGA 


XACAGGATAT 


AITCCGCTTC CTCGCTOVCT 


GACXCGCX^ 


2951 


GCTGGGICGT 


TOGACIGCGG 


CGAGGGGAAA aXXXTTTAOOV 


AOGGGGOGGA 


3001 


GATTTCCTGG 


MCKSXSCOG 


GAAGAXACTT AACAGGGMG 


TGAGAOGGCC 


3051 


GCXfiOVAAGC 


CGrrmccA 


TAGGCICOX: CCCCCTGACA 


ASOOCACGA 


3101 


AATCrUACGC 


TCAAATCAGT 


GGTGGCGAAA CCCGACAGGA 


CTAXAAAGAT 


3151 


ACCAGGCGTr 


TCCCCTQGCG 


GCTCCCTCGT GCGCTCrCCT 


GTTCCTGCCT 


3201 


TTOGGirTAC 


CGGraiGVIT 


CCGCroiTAT. GGCOGOGTTr 


GTCTCATICC 


3251 


AOGCCTGACA 


CTCAGTTCOG 


GGZAGGCAGX TCGCTCCAAG 


CTGGACZGTA 


3301 


TGCAOGAACC 


CCCOGTTCAG 


TCOGACCGCT GCGCCTIRIC 


OGGZAACCAT 


3351 


OCTCTOGAGT 


CCAACCCGQV 


AAGACAOXjCA AAAGCACCAC 


TGGCAGCAGC 


1401 


CACTGGIAAT 


TGATITAGAG 


GAG'i'rAGlCr TGAAGICAIG 


OGGOGGTQ^ 


3451 


GGCTAAACIG 


AAAGGACAAG 


rmuaiiiAC tgcxjCtocec 


O^AGCO^Grr 


3501 


Accimnric 


AAAGAGTIGG 


1AGCTCAGAG AACCTTOGAA 


AAACCGCCCT 


3551 


GCAAGGOGGT 




TCAGAGCAAG iU3AT33lGGCXS 


CAGACCAAAA 


3601 


GGAXnCAAG 


AAGAIICATCT 


TATTAATCAG AZAAAA33\3T 


TCTAGATTTC 


3651 




iVTCTCTTCAA 


AIG1AGCACC TGAAGICAGC 


CCCAiZAOGAX 


3701 


ATAAGnGIT 




TntjACAGCT TATCAXGGAT 
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Fig. 4 

Bgli 

3102 GGAAGGGCC GAOCXSCAGAil G TG G T C CT G C MCTTnOCC GCCICCAZCC 

3151 AGICTATIAA TTGTTGCCGG GAAGCIAGAG TAAGIAdnC GCCAGTTAAT 

3201 ASTTTGCXSCA AOGIIGnGC CATrGCrAOl GGQCEGG!XGG TGTOyCGCIC 

3251 GlXJUmU^r AXGGCTTCAT TCAGCTCCGG TICCCAAOQl TCAAOGGGAG 

3301 TCMSTOAIC CCCCATGITG TGC3UyyyVAG CGGTraGCXC CTTGGGICCT 

3351 COa mJUm TOGAAGra^ GITGGCC3GCA GTOITAaCCAC ICKrOBOPa 

3401 GGCAGCACTG CMAATTCTC TmCIGICAT GCOVTCCGIA AGA!IGCmT 

3451 CIOIGACIGG TGAGTACCOV ACCMOIOVI TCIGAG2\AXIl U'iti'IATGGGG 

3501 CGACCSGAGIT GCTCTTGCCC QGCXHtaVAlA GGGGASAAm CCGCGCCACA 

3551 XZySCAGAACT'TCAAAAGIGC TCAIICATIGG AAAAOSnCT TOSGGGOGIA 

3601 AACTCTCAAG GATLTIACGG CTOrXGAGAT CCAOITOGAT GTMCCCACT 

3651 CGTKACCGV ACTGATCTTC AGCAllTlTiT ACrnCACOV GCXSTTTCTGO 

3701 GXGAGCAAAIl ACAGGMGGC AAAA3BCGGC AAAAAAGGGA AIMGGGOGA 

3751 O^0GGAAA3X; TTGAAXACTC JVZACTCnOC ITITrCAAlA TTAITTGAAGC 

3801 AITXAICAGG GnSKTTGICT OKXGAGOGGA TACAIIATntj AAlIQCAiTnA 

3851 GAAAAATAAA CAAA3AOGG6 TTOOQOGCAC ATTTGOCOGA AAAOICCCAC 

3901 CTGA03ICTA AGAAACXZATT ATOVTCATOA CATCAACCTA TAAAAAXAGG 

3951 CGXATCAOCSA GGCCC7TXCG TLTrCAC- 

Xhol 

1 -CIOGAGAAAT CAXAAAAAAT TEAXTIGCrr TSIGAGOGGA TAACAAZIAT 

EC ORI 

51 AAXAGATTCA ii^nGIGAGCG GAXAACAATT TCACACA(3AA TTCATIAAAG 

101 AGGAGAAATT AAGCAIGGTC AGAICA3CTT CIOGAACCCC GAGIGACAAG 

Vial ArgSerSerS exArgThrPr oSecAspLys 
1 11 

151 CCTGTAGCCC ATGTIGTAGC AAACCCTCAA GCTGAGGGGC AGCTCCAGTG 
PtoValAlaH isValValAl aAsnPcoGln AlaGluGlyG InLeiaGlrtTr 

21 

Bgll 

201 GCTGAACOGC TGGGCCAAIG CCCTCCTGGC 
pLeuAsnArg TrpAlaAsnA laLeu 
31 36 
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Fig. 5 

Bgll 

3102 GGMGGGCC GAGCGCAGAA GIGGICCTGC iytfrTETAXCC GCCXCTAXCC 

3151 AGICTATTAA TTGTTGCCG6 GAAGCEAGA6 TAAGTAGTIC GCQ^GrrAftT 

3201 AGlTiUCGCA. AOGTTGTTGC GATIGCTAC^ GGCAXCGTGG TCTCAOGCTC 

3251 G'rCU'lTiXjGT ATOGCTTCAT TCAGCTCCG6 TTCCOVACGA TQVA0GC3GAG 

3301 O^DOXGATC CCCOmSITG TGCAAAAAAG GGGTTAGCIC CITCGSXCCT 

3351 COGKKOSVG TO^GAAGTAA GTIGGCCGA OIGTOVZCAC TCAIGOITAT 

3401 GGQUXACTG GVXAATTCTC TTACTGTCAT GCOVTCOGIA AGAlUCiTlT 

3451 CrOIGACTGG TGAGTACTQV ACaU^GTOVT TCTGAGAAIA GTGXAUGGGG 

3501 CGACOGAOTT GCTCTIGCCC GGCGICAAm CGGGA3AMA CC3G0GCXACA 

3551 TAGCAGAACT TIAAAAGTGC TCATCAmGG AAAAOGITCr TO GGGG O G RA 

3601 AACTCTQVAG GATCTTACCXS CTGTTGAGMf CCAGITCGAT GTAACCCACT 

3651 CGTGCACCCA ACTGATCTTC AGOVTCTTTr ACITICACGV GCGTTTCTGG 

3701 GIGAGCAAAA ACAGGAAGGC AAAA!IGCOGC AAAAAAGGGA ATAAGGGCGA 

3751 CACGGAAAIIG TTGAAXACTC AIACTCTTCX: TTRTCAAXA TIlAllXaAAGC 

3801 ATTTATCAOG Gl*i!ATTGTCT CAIGAGOGGA TAOmVITTG AATOISVITTA 

3851 GAAAAMAAA CMAaSAOGGG T IOO GOGC AC MnCCOOGA MAGXGCCAC 

3901 CTGAOGICTA AGAAACG^ ATCATaVIGA CATCAACCIA TAAAAAXAGG 

3951 CQEAHCACGA GGCCCCTIOG ICi'XCAC- 

Xho l 

1 -CTCGAGAAAT OVTAAAAAAT TTKCCSGCTT TGlEGAGOGGA TAACAAXTAT 

BCORI 

51 AAIXAGATTCA ATXGTGAGGG GAUAACAATT TCACACAGAA I'lCAlTAAAG 

101 AGGAGAAAIT AAGCATOGTC AGAICAlXnT CTCGAACCCC GAGIGACAAG 

v;ad AcgSerSetS eiArgthrPr oSerAspLys 
1 11 

151 CCrGTAGCCC ATGTTGTAGC AAACCCTCAA GCTGAGGGGC AGCTCCAGTG 
ProValAlaH isValvalAl aAsnProGln AlaGluGlyG InLeuGlnTr 

21 

Bgll 

201 GICCAACCGC CGGGCCAAIG CCCICCIGGC 
pSecAsnArg ArgAlaAsnA laLeu 
31 36 
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Fig. 6 

Bgll 

3102 GQVAGGGCC GAGCGCAQUV CnXSGICCTGC MCTTSKSCC GCXTTCCMXCC 
3151 AGTCTAn3UV TTGTTGCCGG GAAGCTAGAG TAAGIAGTTC GCQVOITAAT 
3201 AGXTZGCGO^ ACGTIGriGC GGO^TCGTGG TGIGACGCIC 

3251 GrrOGTTIGCT AIGGCTTCAT IXZAGCTCCGG TTCCGUVaav TQUVOGOGAG 
3301 TiaOSGMX: CCCCAIIGITG TGCAAAAAA6 aSGTIAGCrC CTEOSnXXT 
3351 CGGATOCntj TQ^GAAGDVA GXTOGCOGOV GiUTJUATCAC lCA3?GGTI3Vr 
3401 GGCAGGVCTG CATAATTCTC TTACTGTCAT GCQVTCOGISV AGATGCTTTT 
3451 CTQIGACTG6 TGAGTAdC^ ACOyUjIOVT TCTOAGAAIA GIOI3VIGGG6 
3501 CGACOGAGCT GCTCTTCiCCC GGGGIC2VA3A GGGGAIIAAIIA CCGOGCQ^ 
3551 TAGCAG2VACT 'mAAAOZGC T Cft ZICATIGG i^yUUjSITCr TCSGGGGGAA 
3601 AACTCTGAAG GAlCriACOG CXGriGAGAT CCAGTTOGAT GIAACGCACT 
3651 CGIGCACCO^ ACTGAITCTTC AGGATCTTTT ACTnXIACOV GCXSTTTCrGG 
3701 GIGAGCAMA AC2VGGAAGGC AAAAIGCOGC AAAAAAGGG2V A3AAGGGCG21 
3751 O^CGGAAATO TltjAAXACTC ATACllTiXJC TSTTSCMCEk TXASTGMGC 
3801 MTIATCAGG GlTAl'ilaTCT CATGAGOQGIl TAOVZAlTiU AAXGTATTTA 
3851 GAAAAAIAAIl CAAAXAGGGS TTCOGOSCAC MTrULCUA MAGIGCCAC 
3901 CTGA0GTCX2V AGAAACOVTr ATCAIICATGA CA3TAACCIA. TAAAAAXAGG 
3951 CG!EA!ICA0G2l GGCCCmOG lUi'iCAC* 
Xhol 

1 -CXOGAGAAAT CAXAAAAAAT TTATITGCZT TGZGAGCQGA TAACAATXAX 

ECORI 

51 AA!!CAGI^TTCA ATTOIGAGOG GAXAAOUVIT TCAOCAGAiV TitAlTAAAG 

101 AGGAGAAAIIT AAGCATGGIC AGAXCA3X:TT CTOGAACCCC GAGIGACAAG 

Val ArgSecSecS eEArgThcPc oSerAspLys 
1 11 

151 CCTGIAGCCC ATGTIGTAGC AAACCCTCAA GCTGAGGGGC AGdCCAGTO 
PcoValAlaH isV^alValAl aAsnProGln AlaGluGlyG InLeuGlnTr 

21 

BglZ 

201 GTCCAACCX3C TGGGCCAATG CCCTCCTOGC 
pSecAsnAcg TrpAlaAsnA laLeu 
31 36 



27 



EP 0 563 714 A2 



Figure 7 
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Figure 8 
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